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A measurement of the ti production cross section at ^J~s = 1.96 TeV in the dilepton final 
states using a lepton+track selection and secondary vertex b-tagging is presented. One of 
the two leptons from the decay of the tt pair is allowed to be identified only as an isolated 
track to improve the selection efficiency. The result is combined with a measurement in the 
tt — > efj, final state. The measurements are based on 370 pb -1 of data collected with the D0 
experiment at the Tevatron collider. The preliminary cross section obtained in the combined 
lepton+track and e/j, channel is: 



o t i = 8.6±i;y (stat) ± 1.1 (syst) ± 0.6 (lumi) pb. 



1 Introduction 

The top quark is the heaviest of the known fundamental fermions. Measurements of its produc- 
tion rate and properties allow for precision tests of the theory of strong interactions, quantum 
chromodynamics (QCD), and deviations from the predictions may indicate physics beyond the 
standard model (SM). 

At the Tevatron, the dominant production mode for top quarks is tt pair production. The- 
oretical calculations predict the ti cross section (cr^) with an uncertainty of less than 
The top quark decays with almost 100% probability into a W boson and a b quark. The tt 
final state is therefore completely determined by the decays of the two W bosons. This report 
describes a measurement by the D0 collaboration of a t i in pp collisions at ^fs = 1.96 TeV at 
the Tevatron collider. The measurement is performed in the "dilepton" final states where both 
W bosons decay leptonically. It uses a "lepton+track" selection, where one lepton is required 
to be fully reconstructed whereas the second lepton is identified as an isolated track only. This 



selection improves the statistical sensitivity over one where both leptons are required to be fully 
reconstructed. 

The data sample, collected with the D0 detector, corresponds to an integrated luminosity 
of approximately 370 pb _1 . The measurement in the lepton+track channel is combined with a 
measurement in the efi channel^ using the same data sample. 



2 Selection Criteria 



The final state in the lepton+track channel is characterized by a high pt isolated lepton (elec- 
tron or muon), a high px isolated track, large missing transverse energy (^t) an d two jets from 
b quarks. The transverse momentum selections used are: electron, muon and track px > 15 GeV 
and jet p? > 20 GeV. The selections ranges from 15 to 35 GeV depending on the recon- 
structed lepton flavor and the invariant mass of the lepton and track pair. At least one of the 
jets is required to be identified as coming from a b quark. 

The 6-tagging algorithm used is the secondary vertex tagging algorithm (SVT), which ex- 
plicitly reconstructs vertices that are displaced from the primary vertex. The performance of 
the algorithm has been extensively studied in data. A more detailed description of the algorithm 
and its performance can be found elsewhere^. 

The tt — * e/i events are explicitly vetoed in the lepton+track analysis. These events do not 
suffer from Z — ► ee, \i\x backgrounds and the use of 6-tagging to enhance the sample purity is 
therefore unnecessary. The veto allows for a straightforward combination of the lepton+track 
measurement and a measurement in the e/x channel using only kinematical selections. 



3 Signal Acceptance and Background Estimates 

The preselection efficiency for tt events is estimated using events generated with alpgen^, 
interfaced to PYTHiA-^to provide higher order QCD evolution and short lived particle decays. 
Both W bosons are forced to decay into a lepton-neutrino pair, including all r final states. The 
tagging probability is estimated by taking the jet kinematics from the tt Monte Carlo sample 
and folding in the per jet tagging efficiency parameterizations determined on data. 

The largest background in the lepton+track analysis comes from Z — > ee, events with fake 
Additional backgrounds arise from multijet and W+jets events where the isolated lepton, 
the isolated track or both are the result of misreconstruction. The irreducible backgrounds 
(WW and Z — > tt) are expected to be small. 

The event kinematics of the irreducible backgrounds and the fake background are mod- 
elled using Monte Carlo samples generated with ALPGEN interfaced to PYTHIA (Z — > ££) or with 
Pythia (PFPF). The number of Z — > 11 events is normalized using the number of observed 
events in the low $t region. For the WW process, the NLO cross section is used^'. The number 
of multijet and W+jets background events are estimated from data using a four-step matrix 
method^. The tagging probability for W+jets (multijet) events is estimated in a sample with 
an isolated lepton and high (low) ^St- The 6-tagging efficiency for WW events is assumed to be 
the same as for W+jets events. 



4 Sample Composition After 6-tagging 



Table^shows the number of expected and observed events after 6-tagging. The expected number 
of tt events is derived assuming a t i = 7 pb. The observed and predicted number of 6-tagged 



events is also shown in Fig. 1(a) Figure 1(b) shows the agreement between the observed and 
predicted $t spectrum in the combined lepton+track and e\i channel for events with two or 
more jets. 



Table 1: Number of observed and predicted events after 6-tagging. The "Total bkg prediction" and the "Total 

prediction" include systematic uncertainties. 
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Table 2: The systematic uncertainties (in %) on the e/i, lepton+track and combined result. 



Source 


e/i 


1+track 


1+track+e// 


Lepton selections 


-6.6 


+7.4 


-5.7 


+6.8 


-5.6 


+6.2 


Jet identification 


-3.5 


+4.7 


-2.5 


+0.1 


-3.2 


+2.2 


Jet energy calibration 


-6.0 


+7.0 


-13.9 


+8.9 


-8.8 


+6.8 


Background modeling 


-2.5 


+2.5 


-10.0 


+13.0 


-4.3 


+5.4 


tt tagging probability 








-3.9 


+4.1 


-2.1 


+2.2 


Trigger 


-7.5 


+10.0 


-2.3 


+2.9 


-3.7 


+6.1 


Other 


-4.3 


+4.8 


-2.1 


+2.4 


-2.7 


+3.0 


Total 


-12.4 


+16.1 


-18.9 


+18.5 


-12.8 


+13.3 



5 Lepton+Track and efi Channel Combination 

The combined cross section is estimated from the combination of five independent channels: e/i, 
e+track (/i+track) with one jet and e+track (/i+track) with two or more jets. The functional 
form of the likelihood function for the e/i channel is described in^l. There is no overlap between 
the lepton+track and e/i samples. The cross sections in the lepton+track and e/i channels, and 
the combined cross section are: 

lepton+track : a a = 7.1 jJJ ( stat ) -il ( s y st ) ± °- 5 ( lumi ) P b - 
en : a t t = 10.2 (stat) t\i (syst) ± 0.7 (lumi) pb. 
comb : o tl = 8.6l{;^ (stat) t\\ (syst) ± 0.6 (lumi) pb. 

All cross sections are derived for nit = 175 GeV. In the top quark mass range of 170-180 GeV, 
the measured cross section changes by 0.085 pb per GeV. 

The systematic uncertainty on the cross section measurement is obtained by varying the 
backgrounds and efficiencies, within their errors, with all correlations between the channels and 
between the different classes of backgrounds taken into account. Table [21 summarizes the contri- 
butions from the different sources of systematic uncertainties to the total systematic uncertainty 
on the cross sections. 
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(a) Lepton+track events as a 
function of the number of jets. 



(b) Lepton+track and e/j, 
events with > 2 jets as a func- 
tion of the $t- 



Figure 1: The number of observed (points) and predicted (histogram) events in the lepton+track sample (a) and 
the combined lepton+track and e/j, sample (b). The hashed area shows the total uncertainty on the prediction. 



6 Summary 

Using the combined lepton+track and en channel, the cross section for ti pair production in pp 
collisions at y/s = 1.96 TeV is measured to be: a t i = 8.6l}'y (stat) ~^\'\ (syst) ± 0.6 (lumi) pb. 
The data is in good agreement with the prediction from the standard model using perturbative 
QCD calculations. 
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